Objective: To evaluate heart rate variability (HRV) among elderly patients with chronic obstructive pulmonary disease (COPD) and healthy elderly individuals, during postural change. Method: Nine individuals with COPD (70 years old) and eight healthy individuals (68 years old) were studied. Heart rate and electrocardiographic R-R intervals (iR-R) were recorded for 360 seconds in the supine and seated positions. HRV was analyzed in the time domain (TD) (RMSSD index, i.e. the root mean square of the squares of the differences between successive iR-R records, and the SDNN index, i.e. the mean standard deviation of normal iR-R in ms) and in the frequency domain (FD), from the low-frequency (LF) and high-frequency (HF) bands in absolute units (au) and normalized units (nu), and the LF/HF ratio. The Mann-Whitney and Wilcoxon Tests respectively were utilized for intergroup and intra-group analysis, with a significant level of p< 0.05 (median values). Results: In TD, the control group (CG) presented significantly higher values for the RMSSD index (14.6 versus 8.3 ms) and the SDNN index (23 versus 13.5 ms) in the seated position, in comparison with the COPD group (DG). In FD, the CG presented significantly higher values for HF components, in the supine position (39 versus 7.8 au), and for LF components (146.7 versus 24.4 au) and HF (67.6 versus 22.7 au), in the seated position, as well as for the total power spectrum (552.5 versus 182.9 ms 2 ). Conclusion: Patients with COPD presented reduced HRV with decreased sympathetic and vagal activity. Additionally, neither the COPD patients nor the healthy elderly participants presented autonomic alterations with postural change.
INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD) is characterized by airflow limitation, not totally reversible. This limitation is usually progressive and associated to abnormal pulmonary inflammatory responses to particles or noxious gases 1 .
The COPD leads to important ventilatory limitations due to pulmonary dead space increase and gas exchange decrease 2, 3 . Additionally, heart dysfunction may be present due to right ventricle after-load increase imposed by the high pulmonary vascular resistance, with vascular damages and hypoxic constriction 4 . These changes cause the appearance of the cor pulmonale, which may lead to right heart failure 4 .
Besides the changes of the cardiovascular system in COPD patients, autonomic alterations have also been described, evaluated by heart rate variability (HRV) of such patients 5 .
HRV represents the variations of R-R intervals (R-Ri) duration of the electrocardiogram (ECG), which depends on the sympathetic and parasympathetic nervous system 6 . This method consists on a non-invasive autonomic assessment and its analysis can be performed either in time domain (TD) or in frequency domain (FD).
In the TD, statistical methods are used to quantify the variation of the standard deviation or the differences between successive R-Ri 7, 8 . The FD analysis decomposes the variability in high frequency (HF), low frequency (LF) and very low frequencies bands (VLF) 6, 8 .
The VLF components, with frequencies lower than 0.04 Hz, don´t have a defined physiological explanation and are related to renin-angiotensin-aldosterone system and thermoregulation 8, 9, 10 . The LF, between 0.04 and 0.15 Hz, is mediated by the parasympathetic and sympathetic nervous systems, with predominance of the last. The HF band, between 0.15 and 0.40 Hz, corresponds to the respiratory modulation and is mediated only by the parasympathetic nervous system 8, 9, 11, 12 .
Some authors have ascribed that HRV is altered in COPD 13, 14, 15 . The abnormal autonomic heart rate adjustments, reflected by HRV alterations, may be related with the severity of disease. Heart autonomic function disorders may result in the appearance of arrhythmias in these patients 16 .
At rest condition, Volterrani et al. 13 have observed that COPD patients have autonomic nervous system function abnormalities, with HRV decrease on responses to vagal and sympathetic stimulus. Similarly, Paschoal, Petrelluzzi & Gonçalves 17 observed HRV reduction in COPD patients. On the other hand, Scalvini et al. 18 observed that only COPD patients with severe hypoxemia have abnormal autonomic nervous system (ANS) behavior, characterized by HRV decrease.
During the passive head-up tilt maneuver, it has been demonstrated that the sympathetic response becomes altered in COPD 13 . However, regarding to active postural change, it´s not known about the heart rate (HR) autonomic responses in COPD patients. Thus, the objectives of this study were to verify, by means of HRV, if elderly COPD patients present HR autonomic modulation damages in supine and seated position, as well as to compare these responses with healthy elderly subjects gender and age-matched.
METHODS

Subjects
A doctor referred to the study 53 patients who had previously been clinically diagnosed with COPD, with forced expiratory volume on the first second (FEV 1 ) < 80% of the predicted and FEV 1 / forced vital capacity (FVC) ratio < 70% of the predicted 1 , absence of reversibility after postbronchodilator spirometry test and presence of clinical stability. The subjects had clinical diagnosis for more than 5 years, were former smokers and had not been practicing regular physical activity at least for 6 months ago. In addition, healthy subjects also participated of this study and comprised the control group (CG).
All volunteers were submitted to a clinical evaluation, resting ECG, thorax X-ray and ergometric test. The volunteers signed a post-informed agreement term with previous explanation of the purposes of this study, in conformity to the 196/96 Resolution of the Health National Council. This study was approved by the Ethics Committee on Research with Human beings of the Federal University of São Carlos (025/2002).
Inclusion criteria
Patients with FEV 1 < 50% of the predicted with an obstruction degree from moderate to severe 1 , who did not present coronary arterial disease, arterial hypertension, diabetic neuropathies, severe cardiopathies and cardiac arrhythmias that prevented R-Ri recording were included in this study. Moreover, patients who presented comprehension deficit, neurological sequelaes or associated respiratory diseases and used vasodilator drugs, angiotensin converter enzyme inhibitors, anti-hypertensive and corticoid systemic drugs were also excluded from this study.
The control group (healthy individuals) included subjects that did not present evidences of abnormalities in ECG, ergometric test and/or in laboratorial exams; without cardiovascular, respiratory, neuromuscular, musculoskeletal and metabolic diseases; non-medications users, non-smokers, non-alcoholic drinkers, regular physical activities nonpractitioners, and who presented normal pulmonary function test.
The COPD patients and the healthy volunteers received orientations concerning the procedures of the proposed protocol and were familiarized with the equipments and the investigators. All subjects were oriented to refrain from caffeine and/or any other stimulating beverage and alcoholic drinks, to avoid moderate or excessive efforts on the day prior to the tests and to get a good night of sleep. The COPD patients were instructed to keep the medication prescribed by the doctor during the treatment. However, the use of inhalatory corticoids for 12 hours or bronchodilators of short duration 6 hours before the tests were interrupted. All procedures were carried out in acclimatized room, with temperatures from 22°C to 24°C and relative air humidity at 50 to 60%.
Experimental procedure
Spirometry: After measurement of the height and weight values on a biometrical scale (Soehnle) the spirometry was carried out using a Vitalograph model 2120 spirometer. The technical procedures, acceptability and reproducibility criteria were performed using the norms recommended by the Brazilian Spirometry Consensus 19 . The reference values used were those from Knudson et al. 20 . Three forced expiratory curves, technically acceptable for measures of slow vital capacity, FVC and FEV 1 were obtained 19 . The volunteers received orientations about the procedures before the maneuvers and remained seated with a nasal clip during the spirometry. The spirometric results were immediately expressed on volume-time graphs scaled in liters and seconds and represented on a BTPS scale (Body Temperature Pressure Standard).
Resting ECG: After skin abrasion and hair shaving, the electrodes were placed on the subjects to electrocardiography signal register. The ECG was performed under resting conditions, in supine position, in the 12 standard leads, using a monitor (Ecafix Model TC500, SP, Brazil) and an electrocardiographer (Ecafix).
R-Ri Recording: HR and the successive R-Ri were registered using Polar ® cardiofrequencymeter (Polar T31 transmitter, Polar Electro, Kempele, Finland) by an elastic belt placed on the lower third of the sternum. HR register, beat to beat, was performed under two conditions: a) Resting supine position (SU) and b) Resting seated position (SE), in which R-Ri was collected and recorded during 360 seconds, during spontaneous breathing in room air. The respiratory rate (RR) and the blood pressure (BP) were measured at the beginning and at the end of HRV recording and the peripheral oxygen saturation (SpO2) was continuously monitored by pulse oximetry (OX-P-10, Emai Transmai, SP, Brazil).
Data analysis
HRV was analyzed in TD and FD. In TD, HRV was analyzed based on R-Ri (ms) obtained on different conditions using RMSSD and the SDNN indexes. The RMSSD index corresponds to the root mean square of the squares of the differences between successive R-Ri (ms). The SDNN index corresponds to standard deviation of all R-Ri (ms) 7 .
In FD, data was analyzed from the total power spectrum (TP) in ms 2 , from the HF, LF bands, in absolute and normalized units, and from the LF/HF ratio, representing the sympathetic-vagal balance 12 . This analysis consisted of Fast Fourier Transform application to the time series data 6 , implemented by specifically routine developed in "Matlab 6.1.1.451 Release 12.1.200" program.
Results were presented in tables containing median, maximum and minimum values. HR data and its variability were submitted to a frequency distribution analysis test (Kolmogorov -Smirnov) and, as it did not present normal distribution, non parametric tests were applied. For the intragroup analyses (SU versus SE) the Wilcoxon test was performed, while for the inter-group analyses (COPD versus control), Mann-Whitney test was applied, conducted on GraphPad InStat for Windows 3.0 version (1994) (1995) (1996) (1997) (1998) (1999) program. The significance level was 5% (p< 0.05).
RESULTS
Only 9 out of the initial 53 patients referred to the experiments were included in the study. Considering the 44 subjects excluded, 21 presented FEV 1 >50% of the predicted, 2 presented ischemic arterial disease, 5 presented arterial hypertension and/or used anti-hypertensive drugs, 1 with comprehension deficit, 1 aortic aneurism diagnosis, 1 with lung cancer diagnosis, 8 presented cardiac arrhythmias and 5 refused to participate in the study. Age, body mass, height, body mass index (BMI), RR and resting HR characteristics and spirometric variables of COPD patients (DG) and CG were presented in Table 1 . No significant differences were found between groups concerning to age, body mass, height and BMI. However, the spirometric variables differed significantly between groups, with DG presenting moderate to severe obstruction. Despite the fact that RR was slightly higher in the DG than the CG, this difference was not significant. Considering the SpO 2 , it was observed lower significantly values in DG when compared to the CG. In addition, the DG presented higher HR significantly values than the CG. Table 2 shows TD and FD analyses data. In TD, in intragroup analysis, no significant differences were observed in the CG or in the DG, regarding to the position change from SU to SE. However, statistically significant differences in RMSSD and SDNN indexes values were observed in the intergroup comparison on the SE position, with the DG presenting lower values.
In FD, no significant differences were observed in intragroup analysis for both groups. In inter-group comparison, differences were found in HF bands, in absolute units, on the supine position, with the CG presenting higher values. In the seated position, the CG presented HF and LF bands higher values, as well as TP. However, no significant differences were observed in HF and LF bands (normalized units), as well as in the LF/HF ratio between groups. Figure 1 illustrates spectral power density behavior data of one individual from the DG and one from the GC. A and C correspond to the frequency bands of the healthy subject in supine and seated position, respectively, while B and D correspond to the bands of the COPD patients. In this way, lower values were observed in all frequency bands of the COPD patient when compared to the bands of the CG volunteer. 
DISCUSSION
This study showed that stable COPD patients, from moderate to severe degree of airway limitation, present HRV indexes reduction, in TD and FD, when compared to healthy subjects. However, in this study, both elderly COPD patients and healthy elderly subjects did not present autonomic adjustments front postural changes.
Regarding to the studied sample, there were no statistically significant differences between the anthropometrical data and the age of CG and DG subjects, considering that the volunteers were paired according to the age. Considering the spirometric results, COPD patients from this study presented obstruction degree from moderate to severe 19 , and SpO2 values were reduced comparing to the healthy volunteers.
These results are related to the clinical diagnosis time and smoking years of these patients. However, it lacks of a deeper scientific support about the relationship between the clinical diagnosis time and smoking year on previous studies, even though the degree of airway obstruction 13 or the hypoxemia 18 have been frequently described as important variables correlated to the cardiac autonomic system alterations.
In TD, assessed by RMSSD and SDNN index, the results showed that there were statistically significant differences between the groups in seated position, considering that the DG demonstrated lower values than the CG. The results from this study are in accordance to the results of Paschoal, Petrelluzzi & Goncalves 17 , which found significant differences between the control group and the COPD patients, but only in the supine position. Additionally, Volterrani et al. 13 verified significant decrease of the R-Ri standard deviation in these patients compared to the control group. On the same way, Pagani et al. 14 
demonstrated R-Ri variability reduction in COPD patients in resting condition.
In FD, it was possible to observe that COPD patients presented lower values of HF components in absolute units, when compared to healthy subjects in supine position. Furthermore, taking into account the seated position, COPD patients presented lower values of HF and LF components (absolute units) when compared to the CG. This is the first study that demonstrated that elderly COPD patients present reduction on both sympathetic and parasympathetic tonus. Volterrani et al. 13 observed parasympathetic tonus increase of COPD patients, while Stein et al. 15 observed reductions in all HRV indexes, including the LF and HF components in absolute units, but at a younger age.
Regarding to the postural change, differently from the present study, Volterrani et al. 13 observed HF components increase in COPD patients after the head-up tilt passive maneuver, indicating increase of parasympathetic tonus in these subjects. These authors inferred that the vagal tonus increase could explain, in part, the FEV 1 reduction and the bronchoconstriction increase.
Heindl et al. 21 , when studying chronic respiratory failure, with COPD and pulmonary fibrosis, observed sympathetic activation increase in these patients. However, these authors evaluated a sample with ages ranging from 19 to 75 years old, not considering the changes brought by the aging process. Other authors have suggested that the aging process may alter the HRV responses 22, 23, 24 , leading to it´s attenuation with time.
Some studies have shown that COPD patients have abnormal autonomic control of the cardiac function, represented by changes in HRV 13, 15, 17 , as well as of the pulmonary function and bronchial tonus. Bartels et al. 25 observed that COPD patients presented HF components increase and LF/HF ratio decrease during exercise, suggesting an increase in the vagal activity in sinusal node, different from de control-subjects, who presented LF/HF ratio increase, as a response to LF components increase. For these authors 25 , these results indicate an abnormal state of the parasympathetic tonus or a loss of the ability to activate the sympathetic response during the exercise, once the sympathetic tonus was already increased in the resting condition.
In the present study it was possible to observe that both the sympathetic and the parasympathetic activity (in absolute units) are reduced in COPD patients. The autonomic responses decrease during postural change reflects baroreflexive sensibility damages and reduction of the vagal activity upon the sinusal node. Some authors 13 have suggested that the autonomic control of such patients becomes "saturated" front stimulus. However, this fact cannot explain the loss of adjustments in response to the postural change of the control group in the present study.
Moreover, the literature has demonstrated that the reduction of variability indexes has a narrow relation with arrhythmias appearance 16 and with increase of incidence of sudden death 26 . Thus, HRV analysis in COPD patients may have great importance on the initial evaluation of such patients in the beginning of a physical exercises program.
Regarding to the TP (Figure 1 ) it was observed that the COPD leads to a significant reduction of all frequency bands, when compared to the CG. Therefore, it is possible that other mechanisms, not yet well known, mediated by the VLF bands, may be altered in these patients.
Some limitations of this study, nevertheless, must be considered. It was not possible to obtain an evaluation of the static volumes of these patients, which would allow the assessment of those with pulmonary hyperinflation. It is important to point out that this exam is quite expensive and available only in metropolitan centers of the country. In addition, long duration ECG recordings, as 24 hours holter, are necessary to evaluate HRV during different periods, such as sleep and wakefulness, which would allow us to obtain complementary data. However, in the present study, only short duration registers were possible to be studied.
Moreover, the absence of autonomic adjustments during postural change in both groups indicates that the aging process may contribute to their attenuation. However, in this study, it was not possible to compare the autonomic responses with healthy young subjects, which would allow us to infer about the aging process and its importance on such adjustments.
Finally, it may be concluded that elderly COPD patients present HRV reduction when compared to healthy elderly subjects gender and age-matched, with sympathetic and vagal activity reduction. Moreover, both COPD patients and healthy subjects did not present autonomic adjustments front postural change. Thus, it may be suggested that, in future studies, the HRV might become a useful tool to obtain parameters about the cardiovascular risk stratification of this population, as well as in the assessment of different physical therapeutic interventions designed to the treatment of these patients.
